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Abstract

Behget’s disease (BD) is a vascular, inflammatory multisystem disorder with neuro-Behcet’s (NBD) diagnosed in a subset of
patients with neurological manifestations. The objective of this review was to determine whether neurocognitive dysfunction is
observed in BD, in which neurocognitive domains, and whether there are differences in rates of dysfunction observed between
BD and NBD groups. Studies of any methodology were included that reported results from standardized neurocognitive
assessment measures in participants with BD or NBD. Twelve group comparison studies met the criteria for inclusion in the
review (totalling 284 BD and 157 NBD participants), as well as 17 case study/series papers (11 BD, 35 NBD). Issues with
blinding, incomplete data reporting and selective reporting bias were found across the group and case study/series papers, as well
as inadequate statistical adjustment for multiple comparisons in the group studies, and the lack of the use of appropriate norms or
adjustment for premorbid ability in the case series/studies papers. These quality issues impacted on the conclusions that could be
drawn from the current literature. Neurocognitive dysfunction was found in NBD compared to health controls (HC) in a higher
proportion of results across studies, than in comparisons between BD and HC groups. The domains in which neurocognitive
attenuation was most often reported were visual spatial ability, working memory and acquired knowledge, with more than 25% of
these results showing significantly lower functioning in both the BD and NBD groups compared to HC. More than 25% of the
processing speed and long-term memory encoding and retrieval results were also lower for the NBD group, compared to HC.
Group comparisons between NBD and multiple sclerosis participants indicated few significant differences in neurocognitive test
results. The majority of case study/series participants were found to have some degree of attenuated neurocognitive functioning,
as defined by case study/series authors.
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Behget’s disease (BD) is a vasculitis and multisystem inflam-
matory syndrome (Kalra et al., 2014; Dalvi, Yildirim, &
Yazici, 2012). While there is no definitive single medical in-
vestigation that can be used to confirm the disease (Kronborg,
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Mabhar, & Kelly, 2014), defined clinical criteria exist to aid
diagnosis (e.g., Davatchi et al., 2014; International Study
Group for Behget’s Disease, 1990). The most characteristic
features of BD are oral ulcerations, genital ulcerations and
skin lesions, followed by eye lesions and abnormalities in
the vascular and central nervous systems (Davatchi et al.,
2011). BD has a variable regional prevalence, being most
common in Middle Eastern and eastern Mediterranean coun-
tries followed by Asia (Hatemi, Yazici, & Yazici, 2013). The
aetiology remains unclear. A genetic component has been
suggested as well as potential environmental or biological
triggers (Dalvi et al., 2012; Ideguchi et al., 2010; Remmers
et al., 2010). A variety of pharmacotherapies are presently
used to treat the symptoms of the disease, including cortico-
steroids, anti-inflammatory agents, mercaptopurine derivates,
calcineurin inhibitors, and tumour necrosis factor (TNF)-
blocking agents, and treatment guidelines are now available
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(Alibaz-Oner, Sawalha, & Direskeneli, 2018; Kikuchi et al.,
2017; Ozguler & Hatemi, 2016; Tiirsen & Tiirsen, 2014).

Central nervous system (CNS) involvement occurs in BD,
although rates vary between 2.3 and 44% of cases across studies
(Davatchi, Shahram, Chams-davatchi, Shams, Nadji, Akhlaghi,
et al., 2010; Davatchi, 2012; Tursen, Gurler, & Boyvat, 2006;
Bang et al., 2001; Madanat, Fayyad, Verity, & Zureikat, 2000;
Valesini, Pezzi, Catarinelli, Accorinti, & Priori, 1991; Al-Dalaan
et al., 1994; Domingos et al., 2015). Differences in the criteria
and screening/assessment methods used to detect neurological
and CNS abnormalities, as well as regional variations are likely
to contribute to this variation. Patients with neurological involve-
ment are categorised with the sub-syndrome of neuro-Behget’s
disease (NBD). Once a recognised set of criteria for BD are met,
NBD is diagnosed if there is are co-occurring neurological ab-
normalities believed to be caused by the BD (Kalra et al., 2014;
Siva & Saip, 2009). This can include a range of sequelae such as
parenchymal features (brainstem or multifocal lesions, myelop-
athy, cerebral abnormalities, or optic neuropathy) and non-
parenchymal features (cerebral venous thrombosis, intracranial
hypertension syndrome, or acute meningeal syndrome), with
parenchymal presentations more common. Headache is also of-
ten reported in BD and has been found to occur with or without
documented neurological abnormalities (Farahangiz, Sarhadi,
Safari, & Borhani-Haghighi, 2012; Kale, Agaoglu, Icen,
Yazici, & Tanik, 2008). Differing syndromes within the NBD
cohort have been previously separated into three categories: pa-
tients with increased intracranial pressure (with or without cere-
bral venous sinus thrombosis), patients presenting with a stroke,
and patients presenting with spinal cord involvement and CSF
pleocytosis. Brainstem involvement has been noted to be inde-
pendent of group (Shakir, Sulaiman, Kahn, & Rudwan, 1990).
NBD can be monophasic, polyphasic or progressive in its course
(Farahangiz et al., 2012; Haghighi, Sarhadi, & Farahangiz,
2011).

Neuroimaging studies have indicated that the most fre-
quently affected brain regions in NBD are the superficial
and periventricular white matter, the midbrain, and pons
(Farahangiz et al., 2012), while in non-parenchymal NBD
cerebral venous sinus thrombosis is most commonly observed
(Farahangiz et al., 2012). NBD has also been shown to signif-
icantly impact on quality of life, with a longitudinal study
finding that 46% of participants with NBD had at least a mod-
erate level of functional disability based on the modified
Rankin Scale (Noel et al., 2014) with neurological, physical,
and psychological sequelae contributing to the experienced
disability (Borson, 1982; Matsui et al., 2010; Noel et al,,
2014; Ozdemir, Ozsoylar, Candansayar, Cosar, & Onder,
2004; Uguz, Dursun, Kaya, & Cilli, 2007).

Neurocognitive functions, including, attention, information
processing, memory, language, visual-perceptual processing,
reasoning, impulse control, planning and organisation are a
group of skills that are localised within the brain, and can be

affected by acquired neurological damage. Several recent nar-
rative reviews have suggested that neurocognitive deficits in
BD/NBD primarily occur in the areas of attention, working
memory, delayed recall/retrieval, and executive functioning
(Fisher, Sewell, & Baker, 2016; Kidd, 2017). Past research
has also revealed that attenuated functioning can be seen in
the absence of neurological manifestations (Erberk-Ozen,
Birol, Boratav, & Kocak, 2006; Monastero et al., 2004;
Zayed et al., 2011). However, a thorough review of the total
literature has yet to be conducted, and it remains unclear if
there are differences in the neurocognitive profiles of BD
compared to NBD patients. The purpose of this review was
to systematically examine the literature to determine what is
known about neurocognitive dysfunction in BD and NBD.
This included examining the rates, nature, severity and course
of neurocognitive impairment in people with BD and NBD.
Given the unknown size of the study pool prior to conducting
the search, studies of all methodologies were included (i.e.,
group comparisons, group characterisations, case series, and
case studies), provided they reported on the results of stan-
dardized measures of neurocognitive functioning.

Method

The systematic review was conducted in accordance with
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Liberati et al., 2009;
Moher, Liberati, Tetzlaff, & Altman, 2009) and adapted for
neuropsychological research (Gates & March, 2016). A re-
view protocol was registered on the International
Prospective Register of Systematic Reviews (PROSPERO
ID: CRD42017072840) on the 24th of July 2017. Included
in the review was any study that investigated neurocognitive
functioning in individuals diagnosed with BD or NBD.
Neuropsychological investigation was defined as any stan-
dardized measure of neurocognitive functioning, including
brief screening assessments, specific neurocognitive tests,
and large neuropsychological assessment batteries.
Standardised self and informant report measures of cognitive
functioning were also included. Studies with any methodolo-
gy were included, encompassing group comparison studies
with healthy controls, group studies comparing two or more
clinical groups, group categorization studies, longitudinal co-
hort follow-up studies, case series and case studies.

All of the following criteria were required for inclusion in
the review:

1) Original data pertaining to human patient(s) with Behget’s
disease (using any criteria for diagnosis)

2) Any study methodology reporting empirical data (origi-
nating in or based on observation or experience)
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3) Reporting of results on standardized measures of
neurocognitive/neuropsychological assessment in either
data format (raw scores, group means and standard devi-
ations), scaled scores format (e.g., ranging from 1 to 19),
percentiles that pertain to normative data, score ranges
appropriate to the neurocognitive assessment being used
(e.g., Extremely Low, Low, Borderline, Low Average,
Average, High Average, Superior, Very Superior), or via
the reporting of differences in mean scores between a
group of Behget’s participants and a control or compari-
son group (, p values of significance)

Studies were excluded if they met any of the following
criteria:

1) The data of the patient(s) with Behcet’s disease could not
be separated from the data of patients with other diseases/
disorders

2) Neurocognitive/neuropsychological assessment measures
were described as having been administered, but the re-
sults were not reported

3) Neurocognitive/neuropsychological assessment measures
were described as having been administered, and were
described in vague or generalized terms that could not
be interpreted in reference to any form of raw scores,
ranges, standard scores or normative data (e.g., “no im-
pairment was found,, or “patient was impaired”).

The PsycINFO, Embase/Medline and PubMed databases
were all searched (April 18th 2017), with the terms Behcet
(Behcet*) combined with cognitive, cognition, neuropsycho-
logical, neuropsychology or neurocognitive. There were no
restrictions on language. All identified studies were indepen-
dently screened by two doctoral level clinical neuropsycholo-
gists. The independent screening ratings were then collated
and revealed a 94.2% inclusion/exclusion agreement rate.
All discrepancies were resolved by discussion between the
two study authors, until mutual agreement was reached. The
relevant data was then extracted from all included studies.
Data was extracted by one study author and the accuracy of
all extracted data was independently cross-checked by the
second author. Risk of bias and quality ratings were indepen-
dently conducted by both authors, across all included papers.
Ratings were then collated and cross-checked with discrepan-
cies resolved via discussion until mutual agreement was
reached.

A risk of bias analysis was undertaken using a modified
framework based on the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins, Altman, & Sterne 2017).
Bias ratings pertaining solely to interventions were removed
from the standard Cochrane framework (i.e. selection bias and
performance bias), with only bias ratings relevant to the
reporting of characterisation studies included (i.e. detection
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bias, attrition bias and reporting bias). As an additional quality
measure, raters also indicated whether authors had utilised
appropriate adjustments for multiple statistical comparisons
(i.e. to reduce the Type I error rate). For the case series/
studies two additional quality measures were included; 1) ap-
propriate use of, or reference to, normative data, 2) whether
authors considered participant’s premorbid ability level when
determining the nature/level of impairment. Where the quality
of reporting differed for cases reported within a paper, these
cases were separated so that quality and bias ratings were
provided for each case within the series.

Results
Study Selection

Figure 1 outlines the results from the search, as defined by
aforementioned search criteria. All studies were full text
screened, except in instances where only abstracts were avail-
able (N =14) and foreign language articles. Of the foreign
language articles, 11 abstracts and five full text articles were
translated. Attempts were made to contact authors to obtain
missing data when cognitive assessments/data were referred
to, but not reported, or when studies did not report all of their
cognitive assessment results. This did not yield any additional
useable data.

A total of 29 studies met the inclusion criteria and were
included in the review with study design breakdowns noted in
Fig. 1. Group comparison studies were comprised of nine
studies which compared BD/NBD to a healthy control group
and three studies comparing BD/NBD participants with mul-
tiple sclerosis (MS). One study was presented as a group com-
parison (NBD vs MS) and as a NBD group categorisation,
across two separate papers (Bingol et al., 2011; Topcular
et al., 2011). As such, results are presented across both the
group comparison and group categorisation sections.
Overall, the included group studies contained a total of 284
BD participants, 157 NBD participants, 297 healthy control
participants and 119 participants with MS. The included case
study/series papers contained a total of 46 cases, 11 with BD
and 35 with NBD.

Group Comparison Studies
Study Characteristics, Quality and Bias Ratings

Demographic features and study details of the 12 included
group comparison studies (reported across 13 papers) are
outlined in Table 1. This geographical distribution roughly
aligns with known high prevalence areas of BD, except for
the lack of studies from eastern Asia. Sample sizes for the
studies were generally small, ranging from 10 to 78. Mean
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Fig. 1 Flow of papers through
phases of the systematic review
by phase

Identification

Records identified through database searching

Psychinfo (n = 13)
Embase/Medline (n = 234)
Pubmed (n = 65)
Total (n=312)

(n =29 studies, reported across 32 papers)

Group comparison

(n = 12 studies, across 13 papers)*®
Group categorisation

(=1

Screening Records after duplicates removed
(n=192)
T Full text/abstract assessed for
Eligibility eligibility
(n=192) > Full text/abstract excluded
v with reasons (n = 160)
Included Studies included**©

No empirical data (n=51)

Not human BD/NBD (n = 30)

BD data not separated (n = 7)

No cognitive assessment (n = 43)
Cognitive data not provided (n = 29)

Case series/case study
(n=17, across 18 papers)*

 One study was published twice (BD vs Healthy Controls), with marginally different statistical analysis

presented in each.

® One study was presented across two papers; 1) a group comparison (NBD vs MS); 2) isolated characterisation
of the NBD group, with increased detail regarding NBD neurocognitive test results.
¢ One study was published twice (in English and Japanese), with relevant data extracted from both papers.

ages for all groups hovered around the 30’s and 40’s. Gender
ratios varied across studies and comparison groups, with four
studies reporting significant gender imbalance across compar-
ison groups. The disease duration of the BD/NBD participants
varied between 6.15 and 14.9 years (where reported). Eight
studies reported the medication status of their BD/NBD par-
ticipants. Only one study (Nurova, Kurtuncu, Coban, Birday,
& Eraksoy, 2014) described longitudinal assessment follow-
up post a cognitive rehabilitation program, although not all of
this data was reported. The majority of studies (11) reported
having conducted some form of psychological assessment, in
addition to the neurocognitive assessment. The most com-
monly assessed psychological conditions were depression
and anxiety.

The majority of group comparison studies (10 of 12)
utilised the International Study Group for Behget’s disease
(1990) criteria, although some variations were accepted in
one study (i.e. Hernandez, 2002 indicated that two of their
participants who did not meet criteria satisfied clinical con-
ventions for diagnosis utilising other diagnostic frameworks;
Mason & Barnes, 1969 and O’Duffy & Goldstien, 1979). The
two remaining studies did not state which diagnostic criteria
they used. Further diagnostic distinction was required for
those studies that included both NBD and BD participants.
In three of the studies. Authors provided information about
their methods accordingly (Cavaco et al., 2009; Dutra et al.,
2013; Sucullu Karadag et al., 2014). In a fourth study, details
about the diagnosis of NBD was provided but it was unclear if
NBD was explicitly ruled out in the BD participants (Erkol,

Vural, Karantay, & Uluduz, 2009). A further study comparing
BD to HC provided information about how NBD was exclud-
ed in the BD participants (Monastero et al., 2004). NBD di-
agnostic criteria were also provided in the Bingol et al. (2011)
study comparing NBD to MS. In the two remaining studies
that included NBD participants, explicit methodology for di-
agnosing NBD was not reported, however both stated that the
NBD cases all had parenchymal involvement. Six studies ex-
plicitly indicated exclusion criteria for their BD/NBD
participants.

Table 2 displays the risk of bias and quality summary rat-
ings for the group comparison studies. The blinding status of
the neurocognitive assessor was unclear in two-thirds of the
studies. Detection bias for ‘incomplete data reporting” was
considered low risk in two-thirds of studies, was unclear in a
quarter of studies, and deemed high risk’ in one study. The
majority (11 of 12) studies rated low on criteria for selective
reporting bias. Appropriate adjustments to p values for multi-
ple statistical comparisons had only clearly occurred in a quar-
ter of studies (#z =3). In the remaining studies, six were
deemed unclear as to whether adjustments had been made
and three provided no evidence of appropriate adjustment to
p values. Classifications for ‘other bias ratings’ were high in
eight studies. Identified issues included inaccurate interpreta-
tion of the study results, findings that were reported differently
throughout the manuscript, demographic differences in the
comparison populations, differing group numbers reported
throughout the manuscript, and/or if neurocognitive test ver-
sions were reported incorrectly. Only one paper was rated as
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?D = % % § having a low risk of bias across all areas assessed, as well as
223 T ER< appropriate adjustment for multiple comparisons, and even
=] % % g g 20 ‘% within this paper a typographical error was found within the
&8 E T = £ 2 results section stating HARS and HDRS results went in the
ﬂé 2 opposite direction to what reported in the papers tables.
g = 25
é g i § Neurocognitive and Psychological Assessment Data
2 E. g3 § :% Table 3 shows the neurocognitive assessment results of the
b 2 EQ < § group comparison studies. There was a high degree of varia-
8 si“ g j:_: o 5 g tion in the size of the cognitive testing batteries applied, from
g gé‘ gé ;‘:; E fairly extensive assessment batteries, examining multiple do-
é §:§ T;-q-: % % mains (e.g., Cavaco et al., 2009; Dutra et al., 2013; Giindiiz
;% g §0x ‘ = E et al., 2012; Monastero et al., 2004; Sucullu Karadag et al.,
22 2014) to studies that employed just one neurocognitive assess-
g g - % E % ment measure (e.g.,e.g.,, Erkol et al., 2009). Seventy five per-
g g ; Z ‘g‘ 3 cent of articles described the complete set of neurocognitive
£ 527 .2 results.
% - 3;; ) é _—é Table 4 presents the neurocognitive assessment outcomes
& g %g jg_% 53 from the comparisons group, significance levels, and effects
28 =ees | % 525, sizes. Effects sizes were calculated via the standard Cohen’s d
R i 2 and Hedges' g calculations (Cohen, 1988; Larrabee, 2014).
% @ % g Where multiple results were reported for a measure, total or
3 § S = overarching scale scores were included, rather than individual
§° bt 5 § sub-test scores. This was to ensure the most robust measures
>3 S % ¢ were represented and to avoid duplication of results. For ex-
}% g ample, if the Memory Quotient (MQ) scores from the
. § % Wechsler Memory Scales (WMS) were available then these
E E § E = were used instead of individual subtests scores.
2 g There is presently no universally accepted method for
gﬂ % grouping or separating neurocognitive test results by domain
R ‘QE § or subdomain. This is evidenced by the differing
2 = éﬂ neurocognitive domain divisions utilised in recent systematic
E;o PO 5; = reviews examining neurocognitive functioning in particular
z oo Q ; disorders (Beeldman et al., 2016; Evans, Iverson, Yatham, &
g §§ g :'é Lam, 2014; Ganzer, Broning, Kraft, Sack, & Thomasius,
g 2 2016; Goodall et al., 2018). Rather, the grouping of
EE neurocognitive test results and allocation of specific
g % g neurocognitive tests to specified domains is generally con-
oy ~L A & 4 ducted according to established practice and clinical conven-
= n= mz @ § tion. It has been recently suggested by Jewsbury and col-
= o “T |l 2% leagues, however, that classifying tests based on construct
%‘ - § é validity (determined by the large body of psychometric re-
US g g % = search into intelligence and cognitive ability) may be both
B 2 R more valid and useful (Jewsbury, Bowden, & Dulff, 2017).
= E They indicated that the Cattell-Horn-Carroll (CHC) model of
E % 9 cognitive individual difference can be applied to clinical pop-
el 2 2 % g ulations as the same cognitive constructs are reflected in test
é ;“:’ o = g < scores in clinical populations as in community and education-
§ g s & § % E al samples. In line with this research, the neurocognitive test
1 g E, 2 .'§ gﬁ results were allocated to one of the broad CHC constructs
= g g § 2 % £ according to the recently described classification system
gl & § = STz (Jewsbury et al., 2017; Jewsbury, Bowden, & Strauss, 2016;
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Table 2 (continued)

Comments

Appropriate

Other Bias
Rating

Selective

Incomplete Data
Reporting (Detection

Bias)

Blinding of Cognitive

First Author, Year

adjustment for

Reporting Rating

Assessor (Detection Bias)

@ Springer

multiple statistical
comparisons

(Reporting Bias)

scores are higher, not

“Patients with BD
lower.
Participant numbers

showed significantly
lower scores than
controls on the

section. States:
HARS and on the
HDRS. In fact, the

scores not reported,
25% missing data
reported. WAIS

the paper. Raw test
referred to as a

change throughout

memory test.

differences

No significant
reported

Unclear

High

High

High

Low

Hernandez, 2002

Abbreviations: ANCOVA Analysis of covariance, HARS Hamilton Anxiety Rating Scale, HDRS Hamilton Depression Rating Scale, PASAT Paced Auditory Serial Addition Test, WCST Wisconsin Card

Sorting Task, WALS Wechsler Adult Intelligence Scale

Hoelzle, 2008; Jewsbury & Bowden, 2017). In cases where
the neurocognitive test has shown to load onto more than one
factor (e.g., Clock Drawing Test, Logical Memory, Matrix
Reasoning), the construct for which the test has most consis-
tently the strongest loading was chosen. For transparency,
Table 4 provides an overview of the CHC constructs and all
tests subsumed within each construct. None of the included
studies utilised neurocognitive tests that corresponded to the
Gq (Quantitative ability) or Ga (Auditory ability). In keeping
with the factor structure research, ‘executive functioning’
tasks involving switching, inhibition and updating, were not
classified as a separate construct, as there is little evidence to
support this within the CHC model. Rather, updating tasks
were grouped with general memory factors (Glr), and inhibi-
tion and switching tasks were grouped with general speed
(Gs) (Jewsbury et al., 2016). All traditionally classified ‘exec-
utive functioning’ tests have been found to load more strongly
on to other existing CHC constructs, and we have therefore
classified these tasks as such. Tests based solely on subjective
ratings of cognitive functioning (e.g., VAS, FBI) were not
included in this section of the analysis.

Eight studies contributed results to the BD versus HC com-
parison, totalling 258 BD participants and 229 HC participants
(Cavaco et al., 2009; Dutra et al., 2013; Erberk-Ozen et al.,
2006; Erkol et al., 2009; Hernandez et al., 2002; Shahram
et al., 2010; Sucullu Karadag et al., 2014; Zayed et al., 2011).
Across all domains, 82% of reported results suggested non-
significant differences between groups. The most significant
group differences (reported in more than 25% of results) were
in the domains of acquired knowledge/crystallised ability,
working memory and visual spatial ability. On measures of
psychological functioning, the four studies that investigated
depression found higher rates of depression in BD compared
with HC (Dutra et al., 2013; Erberk-Ozen et al., 2006;
Monastero et al., 2004; Zayed et al., 2011). Similarly, rates of
anxiety were significantly higher in BD compared to HC par-
ticipants in the three studies that included anxiety measures. A
further study controlled for depression and anxiety in their anal-
ysis of neurocognitive outcomes but did not report on these
measures directly (Shahram et al., 2010).

Four studies compared NBD versus HC groups, totalling
64 NBD participants and 100 HC participants. (Cavaco et al.,
2009; Dutra et al., 2013; Erkol et al., 2009; Sucullu Karadag
et al., 2014). Across all domains, 69% of results indicated
non-significant group differences. The most significant group
differences (>25% of results) were across the domains of ac-
quired knowledge/crystallised ability, processing speed, long
term memory encoding and retrieval, working memory and
visual spatial ability. The one study that assessed psycholog-
ical symptoms found significantly higher rates of both depres-
sion and anxiety in NBD compared to HC (Dutra et al., 2013).

A total of four studies compared NBD with BD participants
(Cavaco et al., 2009; Dutra et al., 2013; Cavaco et al., 2009;
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é - %D Sucullu Karadag et al., 2014); however, direct comparison of
é % § the NBD and BD was only possible in two studies, due to the
é Sl study methodologies and statistical comparison analysis ap-
8 g 2 plied (Dutra et al., 2013; Sucullu Karadag et al., 2014). In these
z 2 g 2 studies, 88 % of group comparison results were non-significant.
S8|¢s 2 These non-significant findings were prevalent across all con-
struct domains except for visual-spatial ability where 50% of
results indicated poorer visuo-spatial ability in NBD when com-
pared with BD participants. One study reported on psycholog-
8 ical assessment outcomes, with no significant differences found
5 between NBD and BD participants on measures of anxiety or
% 5 depression (Dutra et al., 2013).
£ E‘ The final group comparisons were between NBD and MS
= ?E participants, with three contributing studies containing a total of
5 e 93 NBD participants and 119 MS participants (Bingol et al.,
é E 2011; Glindiiz et al., 2012; Nurova et al., 2014). Eighty-nine
# n percent of results across domains were consistent with non-
% % . significant group differences, and the majority of results were
g F § non-significant in all construct domain groups. The construct

with the highest proportion of results with significant differ-
ences (NBD worse than MS) was FW Word fluency (33%).
The one study that reported on psychological assessment results
found no significant group differences in depression and neu-
ropsychiatric symptoms between NBD and MS participants
(Giindiiz et al., 2012).

In addition to reporting group average scores, a number of
studies categorised participants according to overall impair-
ment rates or domain specific impairment rates, as compared
to the control group (Cavaco et al., 2009; Dutra et al., 2013;
Monastero et al., 2004). However, the criteria used to deter-
mine what constituted ‘impairment’ was different in each
study. Dutra et al. (2013) placed their cut off at scores less
than the 5th percentile of HC performance. Monastero et al.
(2004) also utilised a 5th percentile cut-off but based this on
performance that was less than the 5th percentile of the ‘nor-
mal population” with raw scores corrected by age, education
and gender. Cavaco et al. (2009) set the criteria for impairment
as performances that were comparable to the weakest 1 % of
the HC participants. As such, few comparisons could be
drawn from the data presented in this manner.

Group Characterisation Studies

One study provided a characterisation of 40 NBD participants,
reporting group means and standard deviations from a battery
of neurocognitive tests comprised of PASAT, SRT, SPART,
SDMT, and Word List Generation (Topicular, 2011; also
reported in Bingol et al., 2011). Unfortunately, normative data
for these tests were not provided and the degree of attenuation
from normal or Average range functioning on these tasks was
unclear. The authors state that the most commonly affected
neurocognitive functions were sustained attention and informa-
tion processing speed (58% of participants), visual-spatial

copy, Token Test, TMT — A, TMT — B, Raven’s Coloured Progressive Matrices, Phonemic Fluency,

Category Fluency

BD vs HC: WAIS Digit Span, Corsi-Block Tapping Span, RAVLT - delayed recall (10 min), RCFT — BD worse than HC: RAVLT - Immediate Recall,
BD vs HC: Square test of Letters, WAIS, Thurstone’s PMA

Measures with no significant differences
Sclerosis, NBD Neuro-Behcet’s disease, PASAT Paced Auditory Serial Addition Test, PMA Primary Mental Abilities Test, RAVLT Rey Auditory Verbal Learning Test, ROCF/RCFT/ROCFT Rey-Osterrieth

Complex Figure Test, SDMT Symbol Digit Modalities Test, TMT-A Trail Making Test A, TMT-B Trail Making Test B, VAS Visual Analogue Scale, WAIS Wechsler Adult Intelligence Scale, WCST

Control, HVOT Hooper Visual Organisation Test, JLOT Judgement of Line Orientation Test, SPART Spatial Recall Test, SRT Serial Reminding Test, JLOT Judgement of Line Orientation Test, MS Multiple
Wisconsin Card Sorting Task, WLG Word List Generation, WMS Wechsler Memory Scales

Abbreviations: ACE Addenbrook’s Cognitive Examination, ACTT Auditory Consonant Trigram Test, BD Behcet’s disease, BNT Boston Naming Test, CDT Clock Drawing Task, CPT Continuous
Performance Test, COWAT Controlled Oral Word Association Test, CVLT Californian Verbal Learning Test, DST Digit Span Test, FBI Frontal Behavioural Inventory, FST Faces Symbol Test, HC Healthy

# Studies with inadequate adjustment for multiple comparisons, results only reported if p-values remain significant after reviewer applied Bonferroni correction

® Subtests reported do not correspond to WMS-R. These are actually from the WMS. Test reporting appears to be incorrect and is not referenced in paper

Table 3 (continued)
First Author, Year
Monastero et al., 2004
Hernandez, 2002

@ Springer



509

Neuropsychol Rev (2019) 29:498-521

JUBDTUSIS-UOU SB PASII0SoILd U JARY SHNSAI AU} UONILIOD [UOLIJUOY I JUBdIIUSIS Jou o1om sanjeA d 219U A\ "UONOALI0D
uosejuog parjdde 1omarAdl 1oyye JuroyIusIs urewar sonfea-d ayy J1 paje[nofes uaaq AJuo aAey suostredwos ajdyjnw 10§ jusunsn(pe oyenbapeur yim SaIpnIs WO SNSAI JUBIYIUSIS WOLJ JO SIZIS 199JJ9 oY) ,

¢ 91qe], 1od se

SUOTIRIAQIQQE JOYIO [[V "JUd10oN() AIOWOIA SO[EdS AIOWIN J[SYIA O SAM ‘UOTIRUTWEX 918)S [BUSIA] TUIIA SN Yuanon() 9duaSI[[ou] ()7 ‘9ZIS J09J0 §7 ‘[[eWsS § ‘WINIPOW jy ‘9FIe[ 7 :SUonviaaiqqy

Sd
€Tl - - - S6'CT89'1 9Tl - —  Joo3uerenfeA
SHNSSY
11 - - - ¢ 11 - - Judisjosy
sjnsax
€ S [4 9 4! 8 ! 0 Jo JoquinN
SOOUDISIP
%EE %0 %0 %0 %BLI %ET %0 - JuSig SN SA AN
sq
- - ¥9°0-19°0 - 10°T Ly'1 - —  Jo o3ueipnjep
S)Nsoy
- - NT - TI TI - - Jrusis jo S
sj[nsox
[4 I 14 14 S 6 I I JO IequnN
SOOUDIQYIP
%0 %0 %0S %0 %0T %11 %0 %0 Judls  ad s adN
N
99'1 - LTTVTT STI-61'T 8ETCSl L8'T660 So'L —  JooguerenfeA
SHNSY
T1 - 1¢ 1¢ T¢ 19 T1 - Juusis Jo §g
sjnsax
14 € 14 L 01 91 ! ! JO JoquinN
SOOUISPIP
%S¢ %0 %0S %6¢ %0€ %8¢ %001 %0 JuSiS  OH sA AaN
sq
9L0 L80 YL 1-89°0 9T 1-€8°0 07’ 1-€6°0 Y0 1-€1°0 ¥0'T —  Joo3ueipnjep
S)nsoy
NT TI1 TENWI T¢ 1€ TIST TI - Jusis Jo g
sjnsax
I 6 0l 01 €l €C € [ JO IequnN
SOOURIQYIP
%8 %11 %0¥ %0¢€ %ET %6 %Ee %0 Judig OH sa a4
19vds 1LAS
‘uoniugoo0y
OIM SIOLIEN LOAH [erRd TTAD
‘Kouon|,{ JNUEWdS  AAISSAIFOI] ‘1dO ‘ad LdD ‘ON SWM VIA S.ouoisimy HSININ
/A103018) SUSABY SIVM LOTf ‘LLOV ‘slend7joise atenbg ‘VdA ‘L TAVI 959 UNOL  (SIVAN)
‘Kouon]] YN SIVA  ‘[180oY 2 Ado)  ‘uedg oorg 15100 ‘uonnador ‘[eAdLnOI SOOLIEIA QANUANY ‘)59 Fod ‘LN :Anqiqe O1 OZIS
omwuoyd ‘LSO M 4D0¥/1dDd 0UBIUAS (PauIquIod pue Surpoous  9[0y-6 ‘LS4 ‘LVSVd Sutpo) pasi[eIsAro KIIQY  199JJ0 pue [9A9]
/11T ‘IVAOD :3urtuosear :Kqe  ‘spremdoeq ‘spiemioj) S Alowowr uLd} ‘doong ‘sysey JoquAS N31q /3paimouy]  9AnIu30)) QouBdIUSIS
:Kouanyy propp pmyq [eneds-rensip :K1owowr SUD{IOA -3u0T ‘g®V LAL :poads Surssaooig parmboy [BIdUOD £q sawodno sdnoin
MA Bis) AD wsn hifs) sD oD D uostredwo)  uostredwo))

syonnsuod HDHY pue dnoid uostredwod Aq sarpmys uostredwods dnoi3 woij SowooINo JUSWSSIASSE dANIUS000INAU PAR[[0)  { d|qel

pringer

fHs



Neuropsychol Rev (2019) 29:498-521

510

T T HIDV 3pzoung TT N 8T ad T ATeT
s3nip
ondajomau ‘paxd-Ayo
‘ouojostupaid-[AyIoN
I 'SIBOA {7 JO)JB PISSSSE-AI ‘SOX ‘unfdmrury Iu 8 qd 6¢ ag I Aueuwron) 1861 ‘©yAos
pajodar JuaISSIssLal
2ANIUS0o ou Inq pourad
u 183K 9 ~ 10A0 dn-mo[[o] [eOIUID) QuojosIupald Iu 9 qd 0S agaN 1 ueder $661 “Te 10 1e1y
panodor JuowIssasseal
aAnIuS09 ou inq ‘porad s3nip
I yuout / 10A0 dn-mof[oJ [estur)) onoyoAsdnue ‘Quojosupalg Iu ¥ W 0S agaN 1 uedef S661 “Te 10 Iysiuemey]
DNNZ JUOWISSOSSE QUOSII0d
‘@-NVH [enur 150d 1894 | ~ possasse-ol ‘sox uay) [Konqurerol)y Ajreniug u Cl d 143 agaN ! Arer 8661 ‘TueInZ
syiuow § ‘s1edk 9 - syIuowr 9
Je ‘Spudussasse dn-mojjoj
n SAY PUB QU0 UIMID] T8 10] SO e ggost o NTI £e0T adgnN ¢l 4! Aoxm, 6661 “IOUBL-WIHO
pauodar
‘WIRqQIBO0-)AU SUIOIYO[0D
‘uru-Apaiq ‘snredexous
I1e 10} Judwssasse O] dn-mofjoy Surpnjour 1oyjo SNoLIeA W ¥ 6661 ‘epng
u Jpuowr 71 pue 9 ‘[e 10§ S9A AIBXANOYRW PIARI Y dIDSI 1 4T L9—¢¥ adN 9 9 ueder 8661 “I& 19 BlRyONH
JUSUNRAL) PIOIDYS (19suo
Iu 3s0d SYJUOW 7 ~ POSSISSL-I ‘SO 3sod s1edk G) ouojosIupal Iu S W 0¢ agd I uemIe], 100C ‘TesL,
“Adero suojostupaid (Aep/8ur (7 03 paradey
Iu 150d (puoOw G PISSISSL-OI ‘SOX ‘Kep/3wl ()9) QUO[OSIUPAI] u > W 0S adgaN I BAIOY] £00T “Hed
quojostupaid ‘ajeu-oydns
pauiodar JUSWISSasse-o1 sueyjooydes-1ow-g
9ANIUZ00 ou Ing (SurSewn ureiq ‘oprweydsoyd-o[o&o
pUE JUSWISSISSE [2IIFO[0INAU 9SOpP-MO[ wopgury
1 Surpnjour) dn mof[oy [edruT[) ‘ouof-ostupoxdAyiow-9 1 e 8l qd 9¢ adaN I panun LOOT “OIINPIN
[4
u u pauoderjoN  agosI e 8 W 8y adaN I uedep 600 ‘emuiy
(I1dN
pue GSININ) uonejuasaid [eniut
IdN 3s0d SIBOA ¢ JUOUISSISSE-AT ‘SOL QuUITENIS I L 01 W S9 adgaN I Aoy €107 ‘0Is0,
JuLULAL
P1O19)s Ul asearour JuImo[[of
Iu MIIAI SN [PUOW € SOX JUSUBAI) PIOIIS Iu S W I8 agaN 1 BIUOULTY G10T ‘uek[oLqen
1-1) pauodar jou dejouaydooAwr
9[eds poowr S}[NSI BIEP 1S9} [BMJOB ‘PAQLIOSIP puE QUIOIYO[0d
uodar-Jes sjuowssasse Jorid Jouq om],  ‘eord[ea wnipos ‘QUOJOSIUPAI] Iu ¥ W V1% agaN I eIjRNSNY 9107 T8 10 Jysi]
JUOUWISSISSE (Juawssasse
I qentur isod yoam | parp juoned Lu 3s0d) SpoL19IS0onI0) I Jespoun Iu 6€ agaN 1 0990I0]A L102 ‘1ipag3ag
SaInseaw pasn  (s1eak)
JUSWUSSISSE BLIDJLIO  UOneINp
[eo130[0y0ASq ejep dn-mo[[oJ [eurpmiSuo| snjejs uonesrpow g dg osessiq Jopuen o3y agan/ad sose)) Anuno) JeQX I0UINY ISII]

MITARI ONJRIIR)SAS UT PAPN]OUT SAIPNIS 9SB)/SILIAS ASE))

S djqel

pringer

Ns



511
:498-521
Neuropsychol Rev (2019) 29:498-5

. ion-
and executive functio
mory (33%), s, “2SD
38%), verbal me itive measures,
~ memory ( t’s of impairment on cogn ts” were provided.
A . %) Ra (& A t two tests . d
= ing (27 : at leas tegorise
. ntile in .. ere categ
E 3 below 50th percen n, 31.4% ofpafmlpantsv(;, ression were
Agu :;’ 8 é Based on this cnterlf? ’paiﬂnent' The rates of lep pOI’ted to be
= 5 9 . nitive im ith levels re
7 . = ving cog TCS, W1
J:éi 23 g = 3 as having 60% based on BDI SCoTes, irment.
£ge = reported as - itive impa
Y < p ) icipants with cogn
Z = s . in participan
=3 o higher
~ 5 2 <)
2ES )
s - $5 £ . ies
8 588 £ Case Studies/Case Ser
[ . .
i c5 7 g © ity and Bias Ratings
z Sz 5 % eristics, Quality
2 = ) Study Charact d across
z EBSE L E Iseries (reporte
— =05 3 Q . ase Smdy s¢ ils, de-
= L o &z — 17 included ¢ R . Smdy detai >
= BB § Details of the hown in Table 5, mcludmgh 46 participants.
2 2283 - 1s) are show! istics of the
"B = ] S 18 pape ) isease characteris . aving NBD.
£ 9 § mographics, and dlsez (34/46) were classified ai?y reported in
5 The majority Ofcilsthe diagnostic criteria was o ers provided
% E Information abous however a further six P;ri’nvesﬁgaﬁons
A four of the papers,the clinical symptoms an is (Yamada,
g 2 ; information abou(t1 to make the d1agnosla 1978: Arai
%) Ia, ’
B 5 g that were use kamura, Ota, & Nakamll(l 1987; Feng,
§ ol Kashiwamura, Na nishi et al., 1995; Soy 1216’) The age of
> . .
g “ig et al., 1994; K;WE 2014; Fisher et al., 227 ears and the
Z } = | £% Kuo, Chen, & Ye reports spanned 20 to A F). Disease
a - 24 icipants in the male (M 34: rt-
m > = partl Ol’ted cases were not always repo
7 g % majority of rep ince symptom onset, was 21 years. Most
5 .
8 £ s z3 duration, or time sin is ranged from <1 to 21 tus of
28| £9 _ = g E available, this edication sta
BEZ[3 = £ g ed, yet where avai formation about the m re listed, with
= = % & » papers provided in ange of medications Weh majority of
227 a 0 8% he participants. A r nly reported. The ith
28 | a ~ 5 g the p. the most commo several years, w
as2 “ QQ: 2 2 predeOlone. d clinical follow-up over iew assessments
8 s == % E z reports desc.ﬂbe rocognitive data from revi fter medication
-g : - S Q& eight providing neu r time point (often a ical assess-
S 2 5T = ; icipants at a late sychologica
S N 2L 2 with particip ¢ cases reported on p nd only two
g & 4 3 treatment). Only thre ocognitive assessment, a
2 75 5 in addition to neur ment measures. :
5% & ment dardised assessment mea: s are shown in
g g £ of those used stan he bias and quality r?‘nl.lg f studies had
o o a §Q € The results of ¢ tings, the majority of stu ding of
2 2 @ £5 & d on these ratings, tion about blinding
2 ) problems ith b and qualty Tforme the majority of stud
5 8 : a . in the m: .
@ = & S blems with bi ovided in n
probiel was not pr i data reporting,
g 5 2 cognitive assessors ated as high for incomplete studios were
3 o g 3‘§ ies. One study hwaseright this was unclear. Seh\;fen a further five
2 o N & ile in a further 1 biaS, W ish
O o 19) while in ive reporting d as hig
£ 8 . selective . ere rate
S high for | studies w .
g 5 rated as hig Almost all s s have
S| ar. . rating
E N E where rated as uncle and explanations for thesteble This in-
> = 5 |Egd A e deccrpions of
5 3 =9 S g £ ided in litative :
= =8 s 52 8 rovide . Its, qua fail-
g g = o= 8 beeIlp ing of results, nt, and a fai
3 S 3 .i :; cluded unclear Eep(())r(:d %vi thout formal asseSEme re’assessment
S rticipants’ m ice effects when f
SR the pa ial practice e iate use of,
SH-I-1 ddress potential practic Is. Appropri
a0 < 2 to a Intervals. . f test
—~ 0 o~ 5oux ure hort time 1SOn O
- ES 3 .. 8 S ted over s he compar .
aé 5 = > . é z 3 was conduc to. normative data for t tudies. Similarly,
El e T = S | 5% % or reference fo, t be found in four s
[ - 151 ) =g
w | Z 3 g 2 S § <7
= - 2 < = <
2| B [ >
= ==}

) Springer



Neuropsychol Rev (2019) 29:498-521

512

“Suruonouny urewop [[erdA0 £q nq ON ysig ysSig Teapoun Teaoun) 7168V ¢
59} Aq paj0dar 10U S)NSIY "JUSWISSISSE sordures jonuod
OB Je SOINSLAW JUSUISSISSe dANRIUS0d Ayyreay] payorewt
I1e paArodal syuedionred [[e JON "PasSnosIp uoneanpa
10 PAIOPISUOD JOU (S[BAISIUI 1S3)-01 pue o3e
Juow 71 0} 9) s)0age donoerd [enuojog ON IsureSe poIoos ‘Sox yStyg Sty Sty IedpUN  I1°01 ‘L 9°S ‘T T 6661 “TOUB]-WRO
*0} 9[qeINqLIIE AT SYNSAI JO
305 oea Juaned yorym Jesjoun jnq payodar uonejordioyur ou
st ejep O] ‘uonejodiojur Surpessiu s popraoxd
0} 9INQLYUOI ABW SIXY A Y} UO S[BOS suou Y-SAH
Suuogip yim syders uo pajrodar synsar O nq Sur0os
*PISSNISIP 10 PAISPISUOD 10U (SYIUOW 7 | pasIpIepue)s 6661 ‘epns
ur s)s9) OJ €) $109p9 donoeld [enuojod ON IO[SYOIAN ‘SOA  USIH MOT MO Iedpoun) 9-1 3661 “Te 10 ejeyony
"PIO 189K ()€ ® UI 919 Pash
S1nq A[10p[2 J0J UIOS BIUSWAP € SI [SVD
"PIsSNISIP 10 PAIOPISUOD J0U (JBAI)UL
159)-01 SyUOW 7) S)3091Jo 991oeld [enuajod ON ON  YySig Mo Mo Iea[oun I 100C ‘TesL
(eyep
195, poyodar)
"PIsSNISIP 10 PAIOPISUOD J0U (JeAINUL ASININ ‘I'TAH
159)-01 SYUOW §) S109ho dondeld [enuajog ON D0 10] ‘SO8 Y3 Iea[oun Mo Iea[oun I L00T “red
S
SSOsse 0} pasn urdq s)s9} dLowoyoAsd jo
uonduosap ou ynq payrodar uorssardop 210495 ON ON  YSIH Ted[oun Tedpoun Tedpoun) I L00T ‘O[NP
* pauane[) jutod  [eoa1 SYRIPAWILI
Apru pareadde suonows,, jo uonduosop  uosuedwiod oy st — [TAVY 1dooxd
9)1dsap passasse AJ[eulIof 10U sem POOJA  Pasn 9FeIOAY, ‘ON S)s9) [[e J0J ‘SO YSIg MO MO JTeajoun I 600C “eINWIA
"PaLINdO0 Sy nsal pajyiodar Ay Joj Junsa) Ay
udyM Jed[OU[) Tedoun SI sjfnsax jo Sunroday] ON ON USIH ysSiyg Ieg[oun Iegpoun I €107 ‘0180,
* Possasse A[[ewiof jou
poout 1nq payodar  Sa0UBQINISIP dANOJJE,, ON OoN  YSiH MOT MO Iedpoun I G10T ‘uek[ouqen
OPIULIDH T
‘UOIBIUDLIO)
29 UONBWLIOJU]
“A[reormnowoyoAsd papraoid orewunso MI-SIN M 1dooxa
Passasse AJ[BuLIO) J0U JNq POQLIISIP POOIN O PIGIOWdI] ‘SOA S1S9) [[B 0] ‘SOp  YSIH Iedpoun MO Iedpoun) I 9107 “Te 10 1oysi
91008
PpasipIepue)s
ON SOD ‘9K M0 M0 Mo Mo ! L10T ‘1paq3as
(serg (serg
uostreduwod Suntodoy)  uonoeQ)
JOJ PAJUNOJOE  IOJ BIEp QANRULIOU  FunEy Suney  Suntodoy (serg
/POTRWINISD [9AQ] 0} 90UuaIdJaI serg  Suniodoy 'R  UONJIJJO(]) IOSSISSY
SJUSWILIO)) Ainiqe pigiowaig o asnoeudorddy 10O 9Anod[es  derdwoou]  aantudo)) jo Surpurg JoqunN dse) IeQX IOUINY ISII]

SOIPNYS/SALIAS OSEd J0J dqe} ATeuruns seiq Jo ysry 9 a|qel

pringer

Ns



513

Neuropsychol Rev (2019) 29:498-521

¢ 91qe] Jod se suoneladIqqe IO [y UONIPH PAYL SO[edS AIOWSA
IO[SYIOM 71T — SIM ‘Portodar jou .au quenond) 90UdSI[AIu] (7 ‘9[e0S BRUSWA(T S,eMEIOSLH POSIASY Y-S 100§ B0 MOTSE[D) §)H Yuamunnsu] Suruod1os ssuiIqy 9ANUS0)) ISV :SUouvina1qqy

noyIp
SI seIq JO JU2IX9 [[nJ ) SUIuILIpP

Surio0os
pasIpIepue)s

(u

910J0I0Y) ‘QAIRLIBU Ul USPLIM SHNSIY ON IO[SYOIA - SOA  JTesjoun) Mo MO Ied[ou() ejep ARSI 6—7) | 6961 ‘epem
"SOSBO SS0I0R A[JUQISISUOI
parjdde useq oAeY S3ueI/SIUSISSISSE S1S9) 19130
pasiprepue)s jey readde jou soop osje 1| 10} Jed[oun ‘sjsa}
‘Teuoneardsqoyuorurdo [eorur|d st papraoid S[IEJOp OU - JBd[OU()  IO[SUOOA\ 10J SOA  YSIH Ied[oun Iedpoun Iedpoun 7
UOIBULIOJUI 9SBD AU} JO Junowe 931e] yV  S[IBIOP OU - IBJ[ou[) S[Ielop ou - Jedoun)  Y3SIg ysSig Iedpoun Ied[oun 9-¢ ‘] 8L61 T8 10 epeWIRA
SuLI09s
pasiprepue)s
ON IO[SYOIA - SOA MO MOT MO Ied[oun I 7861 e 10 auossng
‘S)[Nsai1 Jo
uonejoxdioyur 1oj
JUNOJ9. OJUI UYL}
's[00) dLowoydAsd Sursn Aoy jou Inq sAnIIqe BJEP SAIBULIOU
st} Surssasse Jo spodor ou yim sisoyoAsd prqiow-axd pasIpIepue)s
os[e pue uorssaidop 0) oouaIdjar pajeadoy Uo JUSUIIOD ‘ON JIMBH - SO YSIH Iedpoun MO Iedpoun 1861 ‘©jA0S
Jur00s
‘Teuoneardsqo uorurdo jeorur[d pasipIepue)s
S1 pap1aoid uoneuwLIOJuI 9sED 9 JO SWOS ON IOISYOIA ‘SOA  YSIH ysiH Iedpoun Ied[oun I Y661 “Te 1 eIy
pauodax
959y} JO UOHBN[BAD [BULIOJ USJq uoneuLIojul SuLI09s
daey 0} Jeadde jou soop ‘0AndLosap ore [euonedndoo pue pasIplepue)s
swoydwAs moraeyaq pue dLeryoAsd Jo 3o [euonedonpa nq ‘oN IO[SYOOAN ‘SO ysiyg ySig Ieg[oun Ieg[oun I G661 “Te 10 IysIueme|
QAne3aU A[[enueisqns Sur100s
5150} AI)SIOYI0JBWAY dUNNOoL,, 39 ‘eyep payodar pasipIepue)s
91J109ds jou - S)NSA1 0} SOUIAI [BNSED uoneuLIoul BNy
[IM P3JoNpuod $1sd) [BOIUI]D JO Joquinu 7 [euonednooo ng ‘oN| 2 D[SYIdM ‘SO YSIH YySiH Tedoun) Ieajoun) I 8661 ‘lueINZ
sojdwes jonuod
Ayireay payorewr
uoneInpa
‘1oded noygnoxy pue o3e
Suniodar gjep ul SO1OUL)SISUOIU] jsurege parods ‘sox
(serig (serg
uostedwoo Suniodoy)  uonodeQ)
10J POJUNOdOER IO} BIep dAneUlIoU  Juney Suney  Suntodoy (serg
/PRSI [OAJ] 0} 90URIJaI selg  Suntodoy Bjleg  UOnodA(J) 10SSISSY
SIUSWIWIO)) Aniqe pigioward o osneudorddy 1oy 9Anod[des  dyepdwoouy  2anmuso)) jo Suipung JoqunN ase) TedX “IOYINY ISITJ

(ponunuod) 9 Jyqe,

pringer

Qs



PAQLIDSIP  BLIYLIESAP / IOPIOSIP
Krowow,, pue  Jomod Sunndwods moy,, ¢, UONeIUSLIOSIp,,
. JOPIOSIP uonE[NONIE P[IU ‘IOPIOSIP ATowau,,
«'S9q0]
[EJUOI} ) UO JUSWIIDAJOAUT JAT)II[IS 10 91J103ds se moys
10U PIP “** ISV Y} JOAIMOH,, , PAIOJJE A[2I9ASS JSOW
pue A[uowto9 Jsou ) Sureq UOHOUN} ATOWOU AU HIM
...... UOISA] UTRIqPIT JO 9posido 9noe a1} 210J0q SIBAA
oA1y ised o) 1040 A[[enpeIS paurodp *** UOKOUNJ [BJUSW [,
’S189A pue sypuowr Surpaodid oy I9A0 SJUIAD JO
o5par-mouy oy ur Jusuredur SIS AI0A € T [eUTUII
SeM BISOUWIE 9PeI0Ial ****SHOYOp [eI1F0[oImnau
8905 InoyIIM 159} [ed1S0[oYoAsdoInau ay) Uuo
A)noLJIp SuILIBd] YIM BISSUWE IPRISOIUE QAII[IS “ -
'S)[nsal
9ANIUT000INAU JNOQE SUOISN[OUOD [[BIIA0 ON "uondiosop
9SO 9 UI 0] PALIJAI OS[E SSO] ATOWAW WLIA}-3U0T
"SI} SSOSSE 0} PAsn §)S3) [BULIOJ JO UONEIIPUI OU
- ersoudoard)se pue eisaysaeydeide ‘erxeide pey oys

Neuropsychol Rev (2019) 29:498-521

”»

. OSBISIP §,19049g-0Inau

WoIj PAYNSaI SUIOIPUAS JJONESIO OI[OYOI[B-Uou

JO 950U} THIM JUQISISUOD dTOM SATNJL] [edTuT]d S Judned

AU} ey} POPNIOUOD IA\ "UONOUNISAP ANNIIXI,/[EIUO
pUE LISSULIER JO UOHRUIQUIOD JO 9JB)S 9[QE)S PUB JIUOIYO" "

* K11 pue AJ91Xue SuIsearour

SIY 0} UONIPPE UI }SIAJUI JO SSO] PasjIew pue uorssaidop

POUSSIOM 9IUBGINISIP [BINOIABYQQ SIY **'STIB)S

QANIUS09 SIY JO UONLIOLIAIOP [enpeld ay) pAySiysiy

payodar §1s9) jJou Inq
paquosap Suruonouny ofensue| pue AIOWAW ‘UOHEIUILID)

QuoN

‘(Tegpoun
S)[NSal J0BX PUE $1S3}) UONR[[9oULD I1o)d] pue ueds 3131

Ies[oun)

M1AIU] ATowd [esrydeidoiqoiny

SuiueN [eunuy % (S, v,
‘. d, S1on9[) Aouanyj [BQIA ‘GV4 ‘SIIIRIA QAISSAIZ0I1]

[enplAIpul 0} PANQLE

2q JouuLd SAINSEIW ¥-SAH dgaN T
OI °§ 9seD 10] J-SAH Y-SAH ddN I

‘(payroads

10U §)$9)) paatesaid

sem uondoorad [eneds
ISVD ‘SN pue f[nwms 0} M9y dd I

Kdoo

1S9], SJUOAT SNOWIE,] — LIDOY "(despoun

UBAIOY] ‘[[BOAI PIAL[OP  S}NSAI JOBXS PUE §)SA))

ADOY ‘[[eoa1 pakejop JeULIOU, ‘UOTIE[[OOUED
‘Surured] [TAH ‘ASININ Tona[ pue ueds u8Iq  AAN I
HSINAL ‘Bl - agaN 1

Kouony,|

pIop ‘uoneraaasiod

2 [ SeL0391ed — SOM

‘g LIALL ‘[[eoox pakejep

— LADY ‘[eoox pakefop —

LTAVY ‘[e1oU0D) ‘Teqlop
‘[1edar pakefo( Y-SINM

OV 9vm
‘Adop LADY ‘WdDY
‘OId ‘OIA ¥-SIVM  ddN I

6661 ‘epng
8661 ¢ 19 BIRYOIH

100T ‘TesL

L00T “¥*ed

LOOT “OIIMPIN

600 ‘BN

sioyne
Apmys Aq partodar se s3urpur 9AnIuS000INU IR

pariodar Jou S)NSal Jnq PaqLIOSIP SAINSEAA]

prqiowaid mojoq
Jo parredur ‘[ewIouqy

M JUDISISU0d (TGN
Jo pamedunun ‘RULON  /Qg 9StD

sjuowssasse [eorSojoyoAsdomou juonbosqns' -, paio]0) ‘prop-1010) doons ‘IINL ‘LIDY ‘TTAVI ASININ - ggN I €10T ‘01s0L,
(Juauredurr oARIUZ0D pliu,, auoN HSINA - gaN I 10T ‘ueApuqen
"UOISTAY PUB[OUIA
— SOZEBJN] SNOHOJ
‘(Iredar ur ¢ %
. (uoneroudsd A30yens pue ‘Surajos wojqoid urw-¢ ‘Adod) JOY ‘(1a
‘uoneziuesio ‘Suruueld ‘Furuosear joensqe [8qIOA) Pake[ap ‘[[eoa1 pake[ap
Suruonounj 9ANNO9Xd pue ‘Suns9) Arowew uo Jurpodud ‘Surured]) I TAH ‘(I
‘(Jeaarnaz [eorxo] [eorydeiSoyiio) Aouanyj [BqIdA IR T2 INT AIFSIAM
‘Gurouonbas ‘paads Surssasoid ‘uonenuIdOU0d ‘Arowowr ‘g LALL ‘(Surureu
Supyzom Jo seare ) ur Judredde jsowr o1om sanNOPIJ [ewue pue ‘.S, ‘v, ‘.,
'SEaIE JO JoqUINU € Ul SUONONPAI 9}eIdPOW-03-P[Iut s10139]) Aouon[,] [eqIoA
Jo 2Ansad3ns ‘Aifiqe Jo o8uer Mo A[owonXyg (SS ‘ag ‘uoneuLiojuy V-LIAL
0} uIpIOpIOg Oy} Ul [[9f sooueuioprad siy Jo Ayuofew*,,  PaqLIOSOP SJUSWISSISSE JOLIq snorad1d om} ySnoyiy "ouoN ‘sonue[uIS) AT-SIVM  ‘Surpear prog, — [[-IVIM AN 1 9107 “Te 10 JYSI]
snye)s [ejuow parredw Jo Josuo0 uappng QuoN SODH o ggN 1 L10T ‘1[paq3as
Suruonouny  Juruonouny prqroward

JedX ‘IoyIny ISIig

514

(Stoded Apnys/saLios aseo JO S)NSal JUSWISSISSe SANIUF000INAN

£3)qel

pringer

Ns



515

Neuropsychol Rev (2019) 29:498-521

© JO SUONEIIpUI JB9[9,, ‘, AIOWOW/IoqUISWAI 0} ANI[Iqe

LLINTS

) pue AIoWowW ULI)-3UO[ Ul S)BIq/SAOURQINSIP,, ‘papiodar
se [[om se  [o2ads/oFen3ue| poonpai /100d,, 10U $)SQ, "PAqLIOSOp uruonouny Arowow pue d3ensue] Ol mn qg 1 1861 ‘ejAos
“aoniquyur
Sunyoe,, ¢, A[renpeid pessaidord pey enuswop,,
Jeroydno pue 90uUsUIUOIUT OAIJJE “BINI[EISAP
‘UOTJBJUSLIOSIP ‘SOOUBQINISIP ATOWSW ULId)-SUo]
pue -110ys ‘spudureduul [enjOI[IUI PYIeU Y)m "poyiodar 10U $)Sa], *0) PALIQJAI UOKIQIYUT
“(SIVM Aq 82 OI [8GI9A) PAIUSWIAP SEM US UOISSIWIPE UQ,,  PUB ‘UONEB[NI[ED ‘UONBIUILIO ‘AIOWAW UL} FUO| pue 1oYS OI [BGIA o ggaN 1 $661 ‘T 10 11y
. "OWIOIPUAS 9qO] [EJUOT
® Jo soSueyo Ayijeuosiod ‘enuowop oArssardord Ajmors
o1 sojexsn[T oseo Juasald oy, ** ‘oW 0) UOHEJUSLIOSIP
£q Paz1I9)IRIRYD 90URQINSIP AIOWOW ULID}-HI0YS ‘poyiodar Jou $)s9], *0) paLIOJaI S661
--ersoude Jo ‘erxerde ‘erseyde ue Jo 9OUOPIAD OU,, s[Irys ersouSe pue erxeide ‘erseyde ‘UONRIUOLIO ‘IALLS Ol oueUIONdJ OIBqIA ddN 1 “Te 30 TysTueME]
$0100s o1§10ads
IO ‘WIOI} POUTULIDOP SeM ST} S)SO) YOIYM JNOQE S[IeIop ON
. UONUOYE PUE ([EGIOAUOU PUB [BGIOA) AIOWOW UONRXI}
‘uoneZ11032)8d PUL UONOBISR ‘S]OqUIAS y3noiy) ANjiqe
Suruosear Jo astwordwod SIS € ** “uonezijeqioa 1doid,, K1opeg 1eor3ojoydAsdonoN eyseIqoN eun| u Ol ddN 1 8661 ‘uBINZ
suonouny
[e3uoI1,] ‘AIOWIIA ‘UONUINY u ggN 71
A1owo uonuany  daN 11
Arowop uonuepy  ddN  0f
suonouny
[e1u01] ‘AIOWSJN ‘UOUONY m qgaN 6
suonouny
[e1u01,] ‘AIOWIA ‘UONUINY o ggN 8
. ’O0UBQINISIP SIOAIS 0] 9JeIOPOW WOy Jumer K1owo uonueny  IgN L
KJLIOADS JO SULID) UT $109JOp 2ANIUZ00 Juowe doe[d 1si1y AIOWIN uonuany  gN 9
pawunsse 31 osnedaq os[e Ing ‘syuoned g e ur souosaid suonounj
S)I JO 9sne2dq AJuo jou Juouredurr AIOWOW sem KIOWDN [euo1] ‘uonuany AgN S
S9L19S Ino ur Jurpuyy Jofew Ay, ‘senifiqe Surajos-wd[qoid suonouny
pue ‘uonoensqe ‘fenedsonsia ‘OnowyILIE [e1u01] ‘AIOWIA ‘UONUSNY - ggN %
‘onsm3ur paarasaid A[oAne[a1 oy 03 JSenuod ur ‘ofueyd Jorjul SABMIE JSOWE 2I9M UONIUZ0D JO SeaIe 3say),, 9Je)s suonouny
Aypeuosiod pue uoneanow Jood yim  suonouny 9qoj SIOUINE SE S)[NSAI Ul POPN[OUI JOU JNq PISSISSE ONOWIILIE  [BJUOL] ‘ATOWDJA ‘UONUY - ggN €
[euoy,, pue ‘uonuane ‘Arowow pasredur yym aurp pue uonoensqe ‘Suruoseal ‘uonuape [eneds pajodnp AIOWS ‘uUonuaNy o ggN 4
2ANIuS09 Jo uroped [eroads & pa[eaAar ejep Ino Jo sisAfeuyy,,  ‘suonounjenedsonsia ‘oSenSue] ‘UONE-WLIOFUI/UONLIUSLI)  SUONOUN] [EJUOI] ‘AIOWDA uonuony 9N I 6661 ToURL-WANO
‘(% 814 ‘6661 ‘epns) Ol
[e101, pue O1d “OIA 10f
ueaw 1593 0} paredwod
SOI00S PAONpaI
paquiosop eiseyde,, Ajoyeropou 0y Apjru I-SaH ddaN 9
pauodar  JapIosIp Alowdu,, QjeoIpur g "1 woij erep o ggN S
payodar , JOpIOSIp AJowou,, Sunoenxo WO paure}qo I-SAH ddgN %
payiodar  UoNeUSLIoSIp,, soSeroae dnoin ‘saseo d-SAH ddaN ¢
Surwonouny  Suruonouny prqioward
sloyne piqioward mofoq M JUASISU0d N
Apms Aq payodar se surpury 9ANII3090Iau I0fejA pautodal 10U S)MSaT JNQ PAQLIISIP SAANSEIN 10 pamedunr ‘euwnouqy  Jo pamedunun ‘EWION /g 9Se)  IBOX ‘IoyIny ISIj

(ponunuod) £ 3[qeL,

pringer

fHs



Neuropsychol Rev (2019) 29:498-521

516

210y pojuasaxd are s)nsax juswssasse Areurtid 10 1sI1J o) AJUO “(SJUSUISSasse maraal ym sioded o'1) pojudsald 91om Blep 9AIUS000INAU JO JOS QUO UBY) IO YIIYM UI SAIPN)S 10f

¢ 9[qe] 1od se suoneraaIqqe

IO [V "UONIPH YN0, S[e0S AIOWSIA JO[SYOIM A7 — SAM ‘UONIPH PUOIIS —IST, JUSWAASIYOY [BNPIAIPU] IO[SYOM 77-IVIM Wuenonf) eiseydy A1apeq eiseqdy uioisop Oy gym quanong) 20uaSijjoiuy
[eQIoA OJA YoIedS [OqUIAS §§ ‘ATOWAW WLIY) HIOYS J/S ‘Iuonon() d0USI[[oU] dOUBWLION ()]J ‘UOHBUTWEXF d)B)S [BIUSIA TUTIN FSAN ‘partodar jou .u ‘([[eday]) ] ATOWRA [ed1S0T 7747 ‘T A1oWwoN
1821307 JJ47 ‘O89S BudW(J S,eMe3ISeH PIsIASY Y-SH ‘Aloneg JUSWSSISSY [BIUOL] FV4/ XOPU] UONRUIULIISI( /(7 ‘YUownnsu] SuruedIos sanijiqy 2ANIu3o)) 79y ‘usisaq yo0[g g SUoyniaa.qqy

I I Iu m gd 6<¢
pauodar  uonejuaLIoSIp,, pauodar jou Jx9) Jnq PAqLIOSIP UOHEIUALI) SIVM m gg I 6961 ‘BPEA\
Juouredurr AIOWSIN Iedpoun Iu o qaN 9
JusuLredunr ATOWIIA Ied[oun u o ggN S
‘pourejor ojdoad 103 uoneUSLIO yuSULITRdUT
AI0WIAWI ‘PIAIISQO SeM ddkdS pue oW J0J UONLIUSLIOSI] JTeapoun) I o ggN %
pajou sem Arowowr
ul dUI[I3P V,, ¢ JEULIOU Jsowfe sem Sune[nofed Joj Ayoede)),, Iedpoun) u o ggN €
[PaAISsqO J0u d1oMm erxelde pue eiseydy ewou
jsourfe a1om Ajoedes Sunenores pue Jurpueisiopun siy
Jer) PA[EARI 159) QOUASI[IUI Uy, “paredwr STy U0 O
QOUBWLIONR *, PAAISSQO sem juduredwr A1owour Juaddy,, Ieapoun 1S9], Q0UBUWLIONJ STVM 1S9 [BQIOA SIVAM AN T
. 'STEOA INOJ O} SYUOW XIS WOIJ PI)SE] UOHIPUOD
SIY ], "SOsed AUewl UI [[om A[OANE[I paurejar sem Ajroedeo
Sune[noreds oy pue pajoddxo uey) 19ySIy 1M SAI0IS 159}
[eqioa oy ur jnq uasaid Suraq swoydwAs oeryoAsd jo
asneaaq Aped sased Auewr ur MOJ 219M 1s9) dourwiofrad
A} U0 $2109S ‘STYM Aq O JO JUSWAINSEIU Y} U], Ied[oun) Juoureduwr AIOWIA],, payodarjoN ggaN 1 8L6] “IB 10 BpRWBL
" Q8uer rewtou oty ut sem Of SIH,, QUON I oI ad 1 7861 e 10 ouossng
* Qoueuriojtod
Jo uoneperdop/uononpal doueuLIoyad oruesio A1repuoods
Suruonouny  Suruonouny prqioward
sloyne piqiowad mofoq M JUASISU0d N
Apms Aq pautodar se sSurpury 9ANII3090IuU I0[ejA pauodal Jou S)NSax Jnq poqLIOSIP SAaMsealN  Jo panedun ‘ewouqy  Jo paredwnun ‘ewioN /g 9Se)  Jedx IOYINY ISI

(ponunuod) £ 3[qeL,

pringer

Ns



Neuropsychol Rev (2019) 29:498-521

517

participants premorbid level of functioning was not assessed
or considered during interpretation in the majority of studies.

Neurocognitive Assessment Data

Table 7 provides a summary of the neurocognitive assess-
ment results from the studies as well as the major findings
reported by study authors. For papers reporting on more
than one set of neurocognitive data for participants (i.e.,
those who conducted reviews over time), only the first set
of reported data (i.e., assessment Time 1) was included in
Table 7. The studies varied in the size and nature of the
neurocognitive assessment measures applied. In three stud-
ies, just one basic measure or cognitive screening assess-
ment result was provided, in seven papers only IQ assess-
ment measure results were reported, while in four papers
larger-scale neurocognitive batteries assessing multiple do-
mains were reported.

When reported, all MMSE results were considered to be
abnormal, impaired or below premorbid functioning on ini-
tial testing (seven assessment results). This contrasted with
the HDS-R results (a similar measure to the MMSE) where
five out of six participants were considered to have scored in
the ‘normal’ range. The CASI, a cross-cultural dementia
assessment tool, was utilised in one case study paper and
was considered to indicate impaired functioning. Where 1Q
measures were reported the findings varied. In four single
case papers, all reported IQ measures (total, index, scale or
selected subtest scores) were considered to be abnormal,
impaired or below premorbid functioning. In two single
case papers the full-scale/total IQ measure was considered
to be normal, unimpaired or consistent with premorbid
functioning. In two single case papers, split index scales
were reported with the Verbal 1Q reported to be normal,
unimpaired or consistent with premorbid functioning, and
the Performance 1Q considered abnormal, impaired or be-
low premorbid functioning. While in the remaining six case
series paper, half of the participants exhibited total IQ scores
in the Average range of functioning, and half exhibited
scores below the Average range. This ratio was also ob-
served for both the Verbal and Non-verbal index scales in
this paper (Hirohata, Suda, & Hashimoto, 1998; Suda,
1999). In the studies with broader testing batteries,
neurocognitive functioning on assessment measures
pertaining to memory functioning were most the frequently
considered abnormal, impaired or below premorbid func-
tioning. This was followed by measures of attention and
“frontal” (executive) functioning and verbal fluency.
Overall, of the cases with clearly documented formal
neurocognitive test results, all participants except one
(Bussone, La Mantia, Boiardi, & Giovannini, 1982) were
described as have some degree of attenuated neurocognitive
functioning.

Discussion

To our knowledge, this is the first attempt to systematically
review the literature on neurocognitive functioning in BD and
NBD. The review indicates that the majority of research in this
area has examined neurocognitive outcomes through group
comparisons (BD, NBD, MS and HC) and case study/series
papers, with few group characterisation studies. The review
highlights concerns about the methodology and quality of
reporting in the published studies. Due to these limitations,
drawing clear conclusions about neurocognitive functioning
in BD and NBD was difficult, based on the currently available
evidence, and prevented further synthesis of the data.

Results from group comparison studies suggest that
neurocognitive changes in BD/NBD may be on a continuum,
e.g., HC>BD > NBD. Neurocognitive attenuation in BD
compared to HC is less robust, and not as frequently observed,
compared to neurocognitive attenuation in NBD compared to
HC. In both patient groups (BD and NBD), neurocognitive
deficits, when observed, were more common in the domains
of Gv Visual-spatial ability, Gsm Working Memory and Gc
Acquired knowledge/crystallised ability, while additional def-
icits in Gs Processing Speed and Glr Long-term Memory
Encoding and Retrieval where also observed in the NBD
group. Our decision to use a theory-driven model to allocate
neurological test results to specified domains (CHC model
applied to clinical populations as per Jewsbury and col-
leagues) may impact on the comparability of the results to
others in the field, particularly due to the subsuming of ‘exec-
utive’ test results into other domain constructs. However, it is
noted that even when an executive functioning category or
categories are demarcated, there is no clear consensus on
which neurocognitive skills or tests fall under this sphere,
and thus issues of comparability are a problem across the field
and are not isolated to this review (Banich, 2009; Jewsbury
et al., 2016; Goodall et al., 2018).

The available evidence suggests that the neurocognitive
profiles of NBD and MS patients are largely comparable.
Word fluency was the only cognitive construct where more
than 25% of results suggested NBD performed significantly
more poorly than MS. Both MS and NBD are disorders asso-
ciated with multiple cerebral lesions that over time may de-
velop, resolve, or change in size, and often occur in similar
brain regions (Fisher et al., 2016; Giindiiz et al., 2012; Koger
et al., 1999; Polman et al., 2012; Siva & Saip, 2009). While
the underlying pathological causes of the lesions may be dif-
ferent, the similarity of the lesion locations may contribute to a
similar profile of neurocognitive deficits being observed.

A large number of case studies/series explored
neurocognitive functioning in the NBD patients, with fewer
published case studies in BD. Like their group comparison
counterparts, the literature in this area is impacted by a number
of problems with study quality and reporting. Of most concern
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is the high number of case studies/series papers that failed to
adequately document which criteria were used to diagnose BD
and NBD in their patients. In addition, few studies provided
information regarding whether the neurocognitive assessor
was aware of the diagnostic status of the patient. However, it
is important to note that blinding to patient diagnosis is less
common, and often not possible, in clinical settings. The ma-
jority of reported case studies did not assess for, or take into
account, an estimate of the patient’s premorbid level of func-
tioning. This increases the likelihood of the over diagnosis of
deficits, as scores falling below the Average range of function-
ing are likely considered as evidence of attenuated cognitive
functioning, when, in fact, they may be consistent with the
patient’s ‘premorbid’ ability level.

In the vast majority of reported BD and NBD case studies
some degree of attenuated neurocognitive functioning was de-
scribed by the study authors. This may reflect the tendency of
clinicians and study groups to submit cases for publication that
are judged to be clinically interesting or noteworthy, rather than
cases they see that are less interesting and more reflective of
‘normal’ functioning. However, it may also indicate that when
patients are referred for neurocognitive assessment it is because
there are clear functional concerns about their cognition, which
are then confirmed through formal testing procedures. As a
group, the case studies/series indicate that performance on in-
tellectual testing measures may be reduced from the average
range of functioning in some patients with BD and NBD.
Attenuated functioning in specific neurocognitive domains
has been most commonly observed in NBD case studies in
the areas of memory, attention, verbal fluency and “frontal”
or what is commonly referred to as executive functioning.
Overall, this appears to parallel the results of the group com-
parison studies, as the majority of memory tasks are subsumed
under GIr Long-term memory encoding and retrieval construct,
attention under Gsm Working memory, and most executive
functioning tasks into the Gs Processing Speed (switching
and inhibition tasks) or Glr Long-term memory encoding and
retrieval (updating) constructs.

There are likely to be multi-factorial causes of attenuated
neurocognitive functioning in BD and NBD.The available
evidence indicates that both BD and NBD sufferers exhibit
higher rates of depression and anxiety than HC participants
and that rates of depression and anxiety in BD and NBD
sufferers are similar, with these psychological disorders
known to impact on neurocognition (Allott, Fisher,
Amminger, Goodall & Hetrick, 2016; Rock, Roiser, Riedel,
& Blackwell, 2014; Castaneda, Tuulio-Henriksson,
Marttunen, Suvisaari, & Lonngvist, 2008). Both BD and
NBD patients are also treated with medication, including cor-
ticosteroids, that may impact on neurocognitive functioning
(Lupien, Gillin, & Hauger, 1999; Brown & Chandler, 2001)
and may also increase the rates of psychological disorders
(Patten, 2000). Cogently, the existence of cerebral lesions in

@ Springer

NBD forms a plausible reason why neurocognitive dysfunc-
tion may be present in this patient group. This may also be the
reason why neurocognitive attenuation is found at a higher
prevalence in studies comparing NBD cohorts to controls,
than studies of BD cohorts and controls. However, it is impor-
tant to note that not all studies with BD groups included in this
review outlined whether/how NBD was excluded in their BD
cohort. Thus, the possibility cannot be ruled out that a propor-
tion of BD participants in these studies have undiagnosed
neurological manifestations, sometimes referred to as ‘silent’
NBD.”

Further research into neurocognitive functioning in BD and
NBD is recommended and the field would benefit from sev-
eral larger sample studies with broad neurocognitive test bat-
teries that are well designed, comparing functioning in BD
and NBD to HC cohorts. Several independently conducted
multi-centre studies, using similar (or identical) large testing
batteries based on theory driven models of cognitive function-
ing, such as the CHC model, would strengthen the literature
base and allow for more statistically accurate synthesis of the
literature via methods such as meta-analysis. Efforts should be
taken to minimise the key areas of bias identified in this re-
view, fully report all results, and use neuropsychological mea-
sures that appropriately translate across language and cultural
differences. Longitudinal larger sample group cohort studies
would also provide information about the impact of BD/NBD
on neurocognitive functioning over time, as presently infor-
mation regarding the longitudinal neurocognitive impact of
the disorder is provided only in the case study/series literature.
Measurement and analysis of co-varying factors, such as psy-
chological functioning and medication status (particularly cor-
ticosteroids) on cognition in BD and NBD would also be
useful.
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